We evaluated the relationship between IL-8 and prostate cancer (PCa) with emphasis on diagnosis, aggressiveness and prognosis. Materials & methods: Prostate-specific antigen (PSA) and serum IL-8 were collected from patients undergoing prostate biopsy. IL-8 expression was evaluated on immunohistochemistry with IL-8 labeling index. Complete follow-up of this cohort was achieved over a period of up to 6 years with continuous follow-up of PSA levels. Results: Among 135 patients, serum IL-8 level did not correlate to the diagnosis or aggressiveness of PCa. In 52 radical prostatectomy specimens, a higher IL-8 labeling index was detected in the tumor areas (0.4 ± 0.2 vs 0.33 ± 0.2; p = 0,007) but did not correlate to any of the prognostic markers: D'Amico classification (p = 0.52), Gleason score (p = 0.45), perineural (p = 0.83) and capsular invasion (p = 0.75). No correlation was found to PSA biochemical-free failure. Conclusion: IL-8 serum level was not a significant predictor of diagnosis, aggressiveness or prognosis of PCa.
During the last 15 years, prostate cancer (PCa) has become the leading cause for cancer incidence in men with 1.4 million new cases per year [1] . These stems mainly from the widespread use of serum prostate-specific antigen (PSA)-based PCa screening. However, the limited specificity of PSA and the poor sampling of cancers under 2D transrectal ultrasonography guided biopsy have led to subsets of patients with significant disease being undiagnosed and others with clinically insignificant disease were unnecessary treated [2] . Therefore, mortality from PCa has remained consistent [3] . At present, the great challenge is the development of more accurate diagnostic strategies to better risk-stratify patients and to facilitate clinical decision making. This is a timely issue given the recent data on genetic and biologic behavior of prostatic cancer foci [4] . It is also frequently postulated that chronic prostatitis is a risk factor for the development of PCa implying that the selective inhibition of inflammatory cascade would thus prevent PCa development and progression [5] . However, there is no definitive proof for this assumption.
Higher IL-8 expression has been reported in cancerous prostatic culture cells compared with hyperplastic and normal epithelium [6] . IL-8 is a proinflammatory chemokine produced by macrophages and epithelial cells which promotes angiogenesis. Subsequently, higher serum levels of IL-8 have been shown in patients with PCa compared with healthy volunteers. Serum IL-8 levels were found to be correlated with increasing stages of PCa and were useful to discriminate cancer from benign prostatic hyperplasia, suggesting that IL-8 serum assay could have a clinical value in daily practice [7] . A stepwise rising in IL-8 expression with advanced pathological stage and high Gleason score was also documented [8] . Recently, significantly higher levels of IL-8 expression in patients with aggressive PCa or presenting with biochemical recurrence have been reported [9] . IL-8 has also been considered as a molecular determinant of androgen-independent PCa [10] . However, it remains undetermined whether IL-8 could play a role in prostate carcinogenesis and disease progression.
The aim of the present study was to analyze the relationship between serum IL-8 measurements and PCa with emphasis on diagnosis, aggressiveness and prognosis from prebiopsy conditions to PSA biochemical-free failure.
Materials & methods
This prospective study was conducted at Hôpital Erasme-ULB, Belgium between 2008 and 2011. We included all treatment-naive patients scheduled for their first prostate biopsy. Patients with previous or current radiation or hormonal treatment could not be included in this study. Patients with autoimmune and chronic inflammatory diseases or active inflammation (sever chronic bronchitis, hepatitis, high-grade esophagitis and pancreatitis) or neoplasms (melanoma and tonsillar squamous cells carcinoma) were excluded. All patients signed an informed consent before enrollment and the study was approved by the Ethical Committee of the Brussels University Clinics, Hôpital Erasme-ULB, Brussels, Belgium.
Peripheral blood was collected prior to the prostate biopsy. Sera were obtained after centrifugation and stored at -25
• C. PSA measurements were quantitated by the commercially available system (BD Biosciences, NJ, USA). IL-8 measurements were made on each serum sample using highly sensitive commercially available enzyme-linked immunosorbent assay (BD Opt EIA Human IL-8 ELISA Kit II, BD Biosciences) according to the manufacturer's instructions and performed by the Laboratory of Experimental Medicine, 222 unit ULB at the CHU de Charleroi (site Vésale, Belgium). Patients underwent 2D transrectal ultrasound-guided sextant biopsy and two additional transition zone biopsies, after local injection of 10 ml lidocaine 1% and antibioprophylaxis. Prostate volume was measured to compute PSA density (PSAd), the ratio between PSA and prostate volume. Four human tissue microarrays (TMAs) were manufactured using archival formalin-fixed and paraffin-embedded samples from RP specimens. For each patient, sample cores (diameter of 600 μm) were taken from both tumor areas and normal parenchyma distant from the tumor zone. Standard immunohistochemistry (IHC) was applied to single 5 μm-thick sections from TMA using an IL-8 antibody to display IL-8 expression. IL-8 monoclonal antibody samples utilized in the study was a mouse monoclonal IgG2b K antibody raised against a recombinant protein corresponding to epitope 40-99 mapping at the carboxy terminus of IL-8 of human origin (Santa Cruz Biotechnology, TX, USA). After slide digitization (using NanoZoomer HT 2.0, Hamamatsu, Hamamatsu city, Japan), the correct assignment of the core images in the TMA grid was done using an ad hoc algorithm, as previously described [11] . The same uropathologist validated each core individually for sample quality (e.g., no folding or detachment), diagnosis (i.e., tumoral and peritumoral) and for removing artifacts (e.g., areas with marked macrophages). For each patient, we computed the IL-8 labeling index (IL-8 LI), which is the percentage of immunostained tissue area compared with total tissue area, in tumor and peritumor areas separately. To obtain the tissue area, we used the optical densities (OD) in the red, green and blue channels of the slide image using the standard OD = log (I/I 0 ) definition, where I 0 is the mode of the pixel intensities in the glass slide area corresponding to the white background. A pixel is considered as belonging to the tissue if at least one of the three OD values is higher than a small value set experimentally to 0.1. The DAB (3,3 diaminobenzidine tetrahydrochloride; a product used in HRP-basedassays suitable for immunohistochemical staining) channel is then extracted from the OD-converted red, green and blue color image by means of color deconvolution [12] . The IHC-stained surface is defined as pixels where the DAB OD is higher than 0.1 (the threshold was set experimentally, validated by the pathologist and kept constant during the complete experiment).
Biochemical recurrence was defined as a PSA level of >0.2 ng/ml on two successive measurements after RP. The first date of elevated PSA was considered the date of recurrence. Complete follow-up of this cohort was achieved over a period of up to 6 years. 
Statistical analysis
All analyses and graphics were performed using the XL Stata software (Addinsoft version 2010). KolmogorovSmirnov test was applied and rejected normality for IL-8 serum assay, IL-8 LI and PSA data. Mann-Whitney and Spearman's correlation tests were used for comparison between samples with nonparametric skewed variables. The receiver operating characteristic (ROC) curves were generated to look for a predictive power. The X 2 value generated by the logistic regression models is also presented to affirm the statistical power of each model. Probabilities for the time to biochemical failure were calculated using standard Kaplan-Meier analysis and the multivariate Cox proportional hazards regression. All results are presented as mean ± SD or median and the interquartile range (Q25-Q75). A two-sided p < 0.05 defined statistical significance.
Results
Overall, our study included 145 patients with 10 being excluded for meeting exclusion criteria. The characteristics of the study sample are illustrated in Tables 1 & 2 . Among the 135 patients, who underwent prostate biopsies, 77 were diagnosed of PCa (57%). No significant difference was detected in serum IL-8 measurements between patients with or without histologically proven PCa (p = 0.13). No correlation was found between IL-8 and age to discriminate PCa patients as patient's ages were not different between patients with positive or negative biopsies (p = 0.03). Figure 1 provides an array of ROC curves and the AUC for the ability of PSA, PSAd and IL-8 . Furthermore, no ability was found in discriminating patients with more aggressive disease (Gleason score ≥7 on biopsy or PSA >10 ng/ml) from others. None of patients with initial negative biopsy has been diagnosed of PCa or any other malignancy during the study period.
After stratifying the 52 patients that underwent RP according to the D'Amico classification, IL-8 levels were not statistically different between the D'Amico risk groups. In these subgroups, IL-8 did not correlate to the Gleason score (p = 0.26) or to the intraprostatic perineural invasion (p = 0.83) but correlated to capsular invasion (p = 0.02). With a single investigator selected cut-off value of 6.37 pg/ml, patients with higher IL-8 serum levels were more likely to present a capsular invasion with an odds ratio of 8.8 (95% CI: 2.5-30.5; p = 0.001), a negative predictive value of 81% and a positive predictive value of 67%.
IHC staining for IL-8 is illustrated in Figure 2 . In the 52 RP specimens, a higher IL-8 LI was detected in the tumor zones than in noncancerous areas (0.4 ± 0.2 vs 0.33 ± 0.2; p = 0.007). IL-8 LI did not correlate to IL-8 serum levels (Spearman's correlation test, rho = 0.08; p = 0.03) or to any of the prognostic factors including the D'Amico classification (p = 0.52), the Gleason score (p = 0.45), the perineural (p = 0.83) and capsular invasion (p = 0.75).
Among the patients who underwent RP, 17 patients (33%) presented with PSA biochemical-free failure after a median duration of 43 months. The PSA biochemical-free failure correlated to perineural invasion, capsular invasion and Gleason score ≥7 in the univariate standard Kaplan-Meier analysis (Log-Rank p < 0.05) but significance was lost throughout the multivariate Cox proportional hazards analysis (p > 0.05). In both models, IL-8 serum levels and IL-8 LI did not correlate to PSA biochemical-free failure (Figure 3) .
Discussion
Many studies have demonstrated a role for IL-8 in the angiogenesis, tumoregenicity and metastasis of tumors [13] [14] [15] . More recently, the expression of IL-8 signaling has been shown to regulate the transcriptional activity of the androgen receptor in PCa and leading to castration resistant PCa [16] . This paper focuses on analyzing the role of IL-8 in the diagnosis and management of patients with early stage PCa.
IL-8 & PCa diagnosis
The role of IL-8 in the diagnosis of PCa has never been confirmed. Initially, in vitro studies showed an increased IL-8 expression in cancerous prostatic cells in comparison to normal epithelium [6] . Later in vivo studies confirmed that IL-8 serum levels were higher among PCa patients and correlated to the staging at diagnosis [7] . More recently, a study designed to identify biomarkers for PCa failed to confirm a role for IL-8 in diagnosing PCa [17] . Our findings are consistent with these last results showing no contribution for IL-8 serum assay to discriminate PCa from benign disease in a subset of patients eligible for prostate biopsy. The discrepancy between results may be mainly attributed to the higher percentage of locally advanced and metastatic PCa (27% of PCa patients), known to present with higher inflammatory cytokines levels, found in Veltri et al. study [7] . In the same idea, this may considerably limit the potential impact of IL-8 measurement on a decision-making process in daily practice for patients presenting with autoimmune and chronic inflammatory diseases (excluded from our analysis).
IL-8 & PCa aggressiveness
Experimental data reported significantly higher levels of IL-8 expression in primary cultured cells in patients with aggressive PCa (pathological stage ≥pT2c or Gleason score ≥7) in comparison to patients with nonaggressive PCa (pathological stage <pT2c, Gleason score 6) [9] . These findings were confirmatory of earlier data where a Gleason score ≥7 and a tumor score ≥pT3 correlated to higher IL-8 mRNA expression [8] . In our series, IL-8 serum levels and IL-8 IHC staining correlated to capsular invasion only suggesting a relationship between IL-8 and tumor stage. One explanation is that most of the studies, which reported a positive correlation between IL-8 and PCa, were based on advanced pathological disease contrary to our patients characteristics at earlier stage.
IL-8 & biochemical recurrence after RP
The staining levels of PCa and microenvironment for IL-8 IHC have been reported higher in patients who developed later biochemical recurrence [9, 18] . Finally, higher levels of IL-8 were also reported in patients who recurred [19] . In the present study, biochemical recurrence did not correlate to IL-8 serum levels or IL-8 LI and was limited to the traditional prognostic factors including perineural invasion, capsular invasion and Gleason score ≥7 on pathological examination. Neither IL-8 staining levels nor IL-8 serum assay could help in discriminating local or systemic recurrence.
This study included patients eligible for prostate biopsy, introducing per se a selection bias and results cannot be generalized to other situations. These results partially differ from previous published results and direct comparison remains uneasy because of studies with various methodologies and design, with heterogeneous populations including healthy volunteers or patients with more advanced disease. Due to a low specificity, increases in IL-8 levels may occur because of underlying inflammatory disease and attention must be paid to a relative instability of the IL-8 serum measurement especially in samples with relatively low concentrations of IL-8.
Conclusion & limitations
In conclusion, our results did not describe a utility of IL-8 in early stage PCa. IL-8 serum level was not a significant predictor of diagnosis, aggressiveness or prognosis of PCa. The inconsistency between the IL-8 serum level and IL-8 LI may be explanatory of the lack of positive correlations. Furthermore, the majority of clinical studies reported the overexpression of IL-8 in the advanced stages that were limited in our sample.
Future perspective
Increased expression of IL-8 has been characterized in cancer cells and tumor-associated macrophages, suggesting that IL-8 may function as a significant regulatory factor within the tumor microenvironment. As a consequence of the diversity of downstream targets, IL-8 signaling could promote angiogenesis, proliferation and survival of cancer cells, and potentiate the migration of cancer cells as well as infiltrating neutrophils at the tumor site.
However, the induction of IL-8 signaling is not well defined and due to the lack of specificity of IL-8, more research to establish the link between inflammation and early prostate carcinogenesis is mandatory.
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